Decapitation (topping) at onset of flowering and subsequent debranching (suckering) are common practices in production of tobacco. The effects include improved quality and increased size and weight of leaf having a higher alkaloid content. Attempts to bypass manual suckering began with the use of synthetic compounds (1) to inhibit cell division or to balance the loss of apical dominance in the plant after topping. Maleic hydrazide (diethanolamine salt of 6-hydroxy-3-[2H]-pyridazinone) is a synthetic compound which prevents the development of axillary buds through systemic effects (2) . Recently, several other compounds, primarily fatty acid derivatives, were found to inhibit sucker growth by contacting and damaging the axillary bud (3, 4, 5) . Surfactants are admixed in various amounts in these treatments. It is of academic interest and practical importance to examine the effects of these compounds on plant cells, especially meristematic cells. A study was made of cells within root-tip meristems which had been treated with various concentrations of systemic and contact sucker control chemicals. This paper reports the response of dividing and differentiating tobacco root-tip cells upon treatment with these cht.'micals.
MATERIALS AND METHODS
The sucker control materials used in this study are shown in Table 1 . Two different tests were employed, one for seed germination and the other for root treatment by solution culture of intact plants. Seeds and plants from several tobacco varieties were used including Nicotiana tabacum L. cv. Coker 298, Maryland Catterton, and a low nicotine selection designated as "Lonibaw". The seed germination studies were conducted under controlled environment conditions. Seeds were sown in
• Received for publication: 20th October 1969. petri dishes on a double layer of # 2 Whatman*"' filter paper soaked in solutions of chemicals at concentrations from 5 X 1o-2 M to 1.25 X 10-SM as described in Table 2 . Frequent observations were made during the germination and emergence period. The root-tip study, based on intact plants, was conducted in the greenhouse; chemicals were added to the nutrient solution culture, in which a maturing plant was growing, to make a final concentration of 5 X 1o-2M or 5 X 1o-SM. In one test, root tips were harvested from the solution culture at approximately 2-hour intervals . between 8 A. M. and 5 P. M., for 2 days. In another test they were harvested at zero, 1, 2, 3, 7, 8, 9 , 10, and 13 days post treatment. Root tips were killed and fixed in a 1 :3 mixture of propionic acid and 95 °/o ethyl alcohol for 24 hours and then were stored in 70 Ofo ethyl alcohol. Root tips were hydrolyzed in 1N HCL at 6o° C £or 5 minutes, macerated and stained in propionic-carmine. Slides were permanized by a process involving freezing, treating with 95 Ofo ethanol, and coating with an alcohol miscible resin (Diaphane).
•• Mention of a trademark or proprietary product does not constitute a guarantee or warranty of the product by tbe U. S. Department of Agriculture, and does not imply its approval to the exclusion of other products that may also be suitable.
RESULTS AND DISCUSSION
Observations were made on visible appearance of root tips and on microscopic studies of cells. Table 2 shows the visible effects of treatments with sucker control agents. At concentrations below 5 X 1o-3M level, all test chemicals failed to produce any noticeable effects either on seed germination or on root-tip development.
Even at a higher concentration, 5 X 1o-2 M, maleic hydrazide and two surfactants, Tween-2o* and Tween8o* did not cause any visible damage, while three other compounds including Penar*, T-43 (methyl caprate), and T-148 (mixture of 1-octanol and 1-decanol) induced discoloration of root tips on germinating seeds, and resulted in complete collapse after prolonged treatment. Root tips from intact plants submerged in nutrient solution containing sucker control agents showed similar effects. At 5 X 1o-2M concentration Penar, fatty ester T-43 and fatty alcohol T-148 treated materials were so discolored and disorganized that they were no longer suitable for cytological examination. At that high a concentration, meristematic cells had a burned appearance which reflects the efficiency of these contact chemicals in the selective destruction of meristematic tissue. At a concentration of 5 X 1o-3M, the root tip showed less discoloration and some changes in meristematic cells were observed. It was also noted that root tips which emerged after a treatment had been initiated, and which were separated from or no longer immersed in test solutions, would show little evidence of distortion, discoloration or cytological disturbances. Therefore, care was taken to base cytological observations on root tips which had been continuously submerged in the treatment solution. However, the effectiveness of the contact chemicals to cause distortion was considerably diminished after the eighth day which prob-* Mention of a trademark or proprietary product does not constitute a guarantee or warranty of the product by the U. S. Department of Agriculture, and does not imply its approval to the exclusion of other products that may also be suitable.
ably resulted from a gradual decomposition of the chemicals in the solution by microorganisms. The cytohistophysiological effects of growth regulators on roots are widely studied. An earlier examination by Burstrom (6) of n-diamyllacetic acid on wheat root growth showed that at 1o-4M concentration a delay in cell elongation and progressive decrease in the cell multiplication of the epidermis occurred. Maleic hydrazide treated root tips of Lens culinaris showed a decrease in mitotic activity as well as an inhibition in growth (7). A more detailed observation showed that tobacco root growth ceased four days after treatment with 1o-3M maleic hydrazide, and that the root hair zone was found to advance to the region of the meristem (8) . Typical examples of effects by sucker control chemicals are shown in Figure 1 from A through I, as described. (Figure 1-F) . The cells which we have examined tend to support the idea that the nucleus is often fragmented rather than duplicated. The contact compounds, in contrast to systemic compound MH-30, selectively destroy meristematic cells at the point of application (5). Concentrations at 5 X 1o-3M of the contact compounds tend to be chronic rather than critical and thus induced secondary effects on living cells ( Figures :1-D, E, F, H, 1) . The immediate effects of fatty materials (T-43 and T-:148) include swelling of the nucleus after approximately two days of exposure and a general cessation of cell divisions after 5 days of exposure. Penar, like MH-3o, causes enlargement of differentiating cells and nuclear fragmentation or duplication ( Figure : 1-G and 1). Penar was also found to induce a higher incidence of binucleate cells than T-:148 or even MH-30. Figures :r-E and :1-F respectively show binucleate cells induced by T -:148 and MH-30. Certain chemicals, such as the herbicide "~itralin" are known to induce a high frequency of binucleate cells (9). Apparently, only certain kinds of differentiating cells were sensitive to the cell enlarging and endomitotic action of these chemicals. The concentrations of chemicals used to observe changes reported here were comparatively lower than those used in the field for effective sucker control. For field application, the concentrations were 2.2 X :ro-2M Penar, 7.6X:ro-2 M for maleic hydrazide, 2.2X:ro-1 M for fatty ester T-43, and :1.4X:ro-1 M for fatty alcohol T-:148. Under field conditions, the concentration of the chemicals has to be high enough for immediate action whether by contact or by systemic action. The compounds tested here, including MH, Penar and T-:148, induced a rather low incidence of polynucleate cells or cells with fragmented nuclei, and such an endomitotic action apparently was also limited to certain kinds of differentiating cells. Such information is of academic interest, and may not attribute any significance to other biological systems under different circumstances.
SUMMARY
Effects of sucker control chemicals on cell division and differentiation were studied by observing changes in root-tip cells continuously submerged in 5 X 1o--3M solutions of MH-30 (maleic hydrazide), fatty ester T-43 (methyl caprate), fatty alcohol T-:148 (mixture of 1-octanol and :1-decanol), Penar (dimethyldodecylamine acetate), and surfactants Tween-20 (polyoxyethylene sorbitan monolaurate) and Tween-8o (polyoxyethylene sorbitan monooleate 
